The advantages of one-lung ventilation (OLV) of one lung from major bleeding or infection in the opposite side 1 . However, hypoxaemia during OLV for thoracotomy in patients in the lateral position remains a clinical problem, occurring even in patients with normal lungs 2,3 . Since the dependent lung is prone to collapse during expiration, which worsens the ventilation-to-perfusion mismatch 4 , positive end-expiratory pressure (PEEP) application to the many reports have yielded contradictory results 5,6 . It is now appreciated that most patients with chronic obstructive pulmonary disease have auto-PEEP during OLV, so external PEEP will lead to 3 , while patients with normal lung parenchyma, or those with external PEEP 7 .
Hypoxic pulmonary vasoconstriction (HPV) is a homeostatic mechanism that improves systemic oxygenation by constricting pulmonary vessels in poorly ventilated or atelectatic hypoxic lung regions [8] [9] [10] . During OLV this HPV response requires a certain time to reach its maximum [11] [12] [13] . In clinical practice however, anaesthetists who perform pulmonary exclusion start using PEEP at different times during OLV, or only if desaturation occurs. To of PEEP application has not been determined. In particular, no study has been performed to evaluate the difference in oxygenation between patients with PEEP applied during the initial period of OLV and a relatively later period.
We hypothesised that applying PEEP at the initial time of OLV, when HPV response has not fully increases of airway pressure under the application of two levels of PEEP (5, 10 cmH 2 O), since they have oxygenation 4 . †Ph.D., Professor. §Ph.D., M.D., Professor.
The effect of timing of application of positive end-expiratory pressure on oxygenation during one-lung ventilation Department of Anesthesiology, Ruijin Hospital, Shanghai JiaoTong University School of Medicine, Shanghai, China Many studies have confirmed that applying positive end-expiratory pressure (PEEP) to the dependent lung during one-lung ventilation (OLV) improves oxygenation. Our purpose was to investigate the best time and level of PEEP application. Thirty patients undergoing thoracic surgery were randomised into three groups. After 20 minutes of twolung ventilation (TLV) in the lateral position, all patients received OLV for one hour. During OLV, 0, 5, 10 cmH 2 O PEEP were applied in order in group A, with each level sustained for 20 minutes. Group B had 5 cmH 2 O PEEP applied and maintained for one hour. Patients in group C received PEEP with levels set in the opposite order to that of group A. The ventilation model was then converted to TLV. P a O 2 , P a CO 2 and respiratory mechanical variables were compared at five different time points among groups, 20 minutes after TLV (T1), 20 (T2), 40 (T3) and 60 minutes (T4) after OLV, and 20 minutes after conversion to TLV (T5). We found that P a O 2 was lower in group A than the other two groups at T2 (P <0.05). P a O 2 decreased significantly at T5 compared with T1 (P <0.05) in group A only. When PEEP was set to 10 cmH 2 O, the airway pressure increased significantly (P <0.05). These findings indicate that PEEP applied at the initial time of OLV improves oxygenation most beneficially. Five cmH 2 O PEEP may produce this beneficial effect without the increase in airway pressure associated with 10 cmH 2 O PEEP.
This investigation was approved by the ethical committee on human studies of Shanghai JiaoTong physical status I to II patients undergoing thoracic surgery (three patients for oesophageal surgery and 31 for pulmonary lobectomy) were enrolled in this (creatinine >1.5 mg/dl), liver dysfunction (glutamic oxaloacetic transaminase >40 U/l, glutamic pyruvic transaminase >40 U/l), symptomatic ischaemic or valvular heart disease, anaemia (haemoglobin <90 g/l) and symptomatic pulmonary dysfunction (or a ratio of forced expiratory volume in one second to intravenous midazolam (1 to 2 mg) was given intravenously. Fifteen minutes later, intravenous induction of anaesthesia was performed with a titration of propofol 1.5 to 2 mg/kg, fentanyl 3 ug/kg artery catheter was placed for continuous monitoring right internal jugular vein catheter was also placed for infusion and central venous pressure monitoring. baseline and the heart rate between 50 to 90 beats until the end of the study.
(TLV) in the lateral position, they all received OLV for one hour. During OLV, three different levels of PEEP (PEEP=0, 5, 10 cmH 2 O) were applied in order Only one level of PEEP (PEEP=5 cmH 2 O) was the ventilation model was converted to TLV for 20 minutes. The operation started as soon as hour's OLV, if the surgical procedure did not allow TLV, OLV was maintained, but without PEEP. tidal volumes of 10 ml/kg and 8 ml/kg were used during TLV and OLV, respectively. The ventilatory 2 pressure (P ET 2 Mean arterial pressure, heart rate, pulse oximetry (SpO 2 ), fraction of inspired oxygen (FiO 2 ), P ET 2 , central venous pressure, P a O 2 , P a 2 , peak pressure of airway (Ppeak) and plateau pressure of airway after TLV in the lateral position (T1), 20 minutes (T2), 40 minutes (T3) and 60 minutes (T4) after the initial of OLV and 20 minutes after conversion to TLV (T5). During OLV, if patients' SpO 2 were less immediately to allow SpO 2 to recover to the value before OLV. These cases would be excluded.
Statistical analysis was performed using the SPSS values were given as mean and standard deviation. The data among groups were compared by a onecomparisons, unless specially stated. Differences were P <0.05).
Thirty-four patients were enrolled according to the inclusion criteria, but four were withdrawn (three SpO 2 Therefore, the data of 30 patients (10 patients in differences among the three groups with respect to induction SpO 2 breathing air. There was one patient in each group who could not be converted to TLV after one hour's OLV because of the surgical procedure. T5 values were lost for these three patients. a O 2 values of different time points in each group, the P a O 2 was lower during OLV (T2 to T4) than during TLV a O 2 were still lower a O 2 returned to the initial values in the other two groups. experienced a higher airway pressure. There were no arterial pressure, heart rate, central venous pressure) among the three groups (data not shown).
The results of the present study have two implications. First, for patients with relatively normal pulmonary function, PEEP applied at the initial time of OLV improves oxygenation more than if applied later. Second, a PEEP level of 5 cmH 2 O produces this airway pressure. patients with normal pulmonary function. In our study, the non-dependent lung was exposed to the atmosphere and collapsed shortly after OLV the collapsed lung is reduced, it is not zero and there is inevitably a shunt that may be substantial 14 .
both the persistence of perfusion in the nondependent lung and ventilation-to-perfusion FIGURE 1 a O 2 at different time points among the three groups (n=10 in each group). T1=20 minutes after TLV, T2 to T4=20, 40, 60 minutes after the initial of OLV respectively, T5=20 minutes multiple comparisons. †P <0.05 compared with other groups, *P <0.05 in the same group, compared with the value at T1. mismatch in the dependent lung 4 . In particular, general anaesthesia with mechanical ventilation induces a decrease in functional residual capacity, thereby promoting atelectasis in the dependent lung, which also contributes to the formation of OLV- 15 . of PEEP to the dependent lung can improve oxygenation, which is based on not only an increase in functional residual capacity but also an increase in lung inspiratory volume 4 . Our results strongly support our hypothesis that administering PEEP at the initial What is the mechanism by which applying PEEP dependent lung is prone to form atelectasis during outset, than to open alveoli that have been allowed to collapse. On the other hand, as has been mentioned above, HPV plays an important role in the prevention to fully develop represents a certain time with a related decrease in oxygenation. For this reason, it might be OLV.
HPV is regarded as a protective and homeostatic mechanism that improves systemic oxygenation. The lung (where HPV seems to be more important than mechanical kinking of vessels) and during ventilation with hypoxic gases 16 . It has been reported that HPV could reduce the perfusion of the non-ventilated lung output, decrease shunt fraction, and even make the matches of perfusion and ventilation almost normal 9,10 . duration of OLV 11 . Domino and colleagues found that HPV response to acute atelectasis (open chest) develops quickly (within 15 minutes) and is maximal lung was ventilated with an hypoxic gas mixture, the response was maximal by 15 minutes 12, 13 .
Intact HPV is a very important mechanism for the factors 17-20 . Some researchers have reported that general anaesthetics differ in inhibiting the HPV response. Propofol was found to improve oxygenation and shunt fraction during OLV compared with fraction 21,22 .
PEEP to the dependent lung may divert blood to the non-dependent lung, which could also interfere with the protective effect of HPV and cause P a O 2 to convert its positive effect to a negative one. Moreover, it is well established that the effects of applied PEEP during OLV depend on the lung mechanics of the individual patient 23 the introduction, patients with chronic obstructive pulmonary disease and patients with normal pulmonary function might develop contradictory results from PEEP application. Slinger et al found in their study that oxygenation improvements would occur when the application of PEEP caused the plateau end-expiratory pressure to move toward the 3 . We did not aim in this study to investigate the optimal value of PEEP in individual patients. Several studies have already analysed this topic with more complete methodology 2,3 of PEEP (5 and 10 cmH 2 O) seemed similar on improving oxygenation, which is in accordance with Michelet's study 4 2 O PEEP increased airway pressure (Ppeak and Pplat). This might be partly explained by the fact that in the present study, PEEP was increased without changing the tidal volumes during OLV. Thus, strictly speaking, these results support the idea that when the tidal volume is set as 8 ml/kg during OLV in patients with healthy lungs, 5 cmH 2 O PEEP is enough to recruit the alveolar area of the dependent lung and there might be no need to apply a larger PEEP (such as 10 cmH 2 O). The higher airway pressures might also increase the risk of ventilator-induced lung injury.
The application of continuous positive airway to the prevention and treatment of hypoxaemia, but 24 . This is particularly a serious clinical problem during thoracoscopy 25 , which is continually increasing in frequency 3 . For these reasons, the application of PEEP to the dependent lung in this clinical situation is often recommended.
Finally, it should be noted that our study had some limitations. First, the value of pulmonary shunt since it requires invasive pulmonary artery catheterisation for the sampling of mixed venous oxygenation throughout the study, which may not limitations, the present study does suggest that PEEP applied at the onset of OLV improves oxygenation more effectively than if applied later. Furthermore, the study indicates that 5 cmH 2 O of PEEP may increasing airway pressure. 
